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Methods
We examined associations of physical and sexual abuse with the risk of pre-natal depression in two cohorts in the Boston area, including 2128 participants recruited from a large urban-and suburban-managed care organization (Project Viva) and 1509 participants recruited primarily from urban community health centres (Project ACCESS). Protocols for the studies were designed in parallel to allow us to merge data to enhance ethnic and socioeconomic diversity in the combined sample. In mid-pregnancy, the Personal Safety Questionnaire and Edinburgh Postnatal Depression Scale (EPDS) were administered in both cohorts. An EPDS score 513 indicated probable pre-natal depression. Logistic regression was used to estimate the odds ratio (OR) of pre-natal depression associated with lifetime abuse history.
Results
Project ACCESS participants were twice as likely as Project Viva participants to report symptoms consistent with pre-natal depression: 22% of Project ACCESS participants had EPDS scores 513, compared with 11% of Project Viva participants. Fifty-seven percent of women in ACCESS and 46% in Viva reported lifetime physical and/or sexual abuse. In merged analysis, women reporting lifetime physical or sexual abuse had an OR for mid- were independently associated with pre-natal depression. When child/teen, pre-pregnancy adult and pregnancy life periods were considered simultaneously, abuse in childhood was independently associated with an OR of 1.23 (95% CI 1.00-1.59), pre-pregnancy adult abuse with an OR of 1.70 (95% CI 1.31-2.21) and abuse during pregnancy with an OR of 1.77 (95% CI 1.14-2.74). Further
Introduction
Between 10% and 20% of the women experience depression during pregnancy. 1, 2 Given its high prevalence and lingering questions regarding the safety and acceptability of anti-depressants during pregnancy, 3 it is important to identify preventable risk factors associated with depression during pregnancy.
Violent abuse, both past and present, is associated with major depression in non-pregnant women. [4] [5] [6] Intimate partner violence during pregnancy is strongly associated with pre-natal depression. 7 Some studies have reported heightened depression symptoms among women who experienced pre-pregnancy abuse, including victimization in childhood and adolescence. [8] [9] [10] [11] [12] [13] [14] [15] However, almost no studies have examined the specific risks of pre-adult abuse experiences after accounting for the adult abuse experiences with which early abuse is unfortunately associated. 10 If abuse isolated to early life is associated with later risk of depression in pregnancy, then treatment of abused girls may prevent pre-natal depression, and pre-natal screening for a history of early abuse may identify newly pregnant women at high risk of depression. The only study to simultaneously examine child and adult abuse is that of Holzman and colleagues, 10 who reported that abuse during childhood was less predictive of pre-natal depression scores than abuse during adulthood, with highest depression scores among women who experienced abuse in both time periods.
In the Holzman study, a history of abuse was particularly powerful among disadvantaged women, 10 a finding which prompts replication in a large sample with a broad range of socio-economic exposure. Most studies of life-course abuse and pre-natal depression have included fewer than 400 participants, 8, 9, 11, 12, 15, 16 or have been recruited solely from low-income populations, 8, 9, 11, 13, 14 limiting their ability to examine effect modification by socio-economic position. We sought to add to the literature by separately examining the associations of lifetime physical and sexual abuse with pre-natal depression, accounting for recency of abuse experiences. We further sought to investigate whether histories of sexual and physical abuse were similarly associated with pre-natal depression in two socio-economically distinct cohorts in Boston.
Methods

Study populations
We examined associations of lifetime experiences of abuse with the risk of pre-natal depression in two large cohorts of pregnant women: Project Viva and Project ACCESS (Asthma Coalition on Community, Environment and Social Stress). Both studies are prospective observational cohorts designed to examine associations of pre-natal environmental exposures with pregnancy and childhood outcomes. Project Viva was designed to examine dietary, hormonal and psychosocial predictors of pregnancy outcomes and child health. Project ACCESS was designed to study interactive effects of early life stress and other physical environmental factors on urban childhood asthma risk. We took advantage of the fact that both cohorts were launched at roughly the same time in the Boston area, designing the studies in tandem with complementary protocols and similar survey instruments so that we could pool data to examine health effects across a broader range of socio-economic position and racial/ethnic diversity. At mid-pregnancy in both cohorts, depression symptomatology was assessed by using the Edinburgh Postnatal Depression Scale (EPDS) and abuse history was measured by the Personal Safety Questionnaire.
Project Viva
Project Viva participants were recruited between 1999 and 2002 at their first pre-natal visit to one of eight obstetric practices of Harvard Vanguard Medical Associates, a large urban and suburban group practice in the Boston area. Most patients in this system are privately insured. Eligible women obtained their first pre-natal visit before 22 weeks of gestation, had singleton pregnancies, were able to complete interviews and questionnaires in English and planned to carry their pregnancy to term and to deliver within the health-care system. The obstetrics clinical staff included a flier about Project Viva in informational packets sent to newly pregnant patients. After the first pre-natal appointment, a study research assistant met the patient to inform her of the aims and procedures of the study, to ensure that inclusion criteria were met, to obtain informed consent and to provide the participant with the initial questionnaire. The Project Viva study protocol was approved by the institutional review board at Harvard Pilgrim Health Care. 
Project ACCESS
Measures
Abuse exposure assessment We developed the Personal Safety Questionnaire (PSQ) for use in both cohorts based on the Conflicts Tactics Scales. 17 For both cohorts, participants were met by research assistants in mid-pregnancy, who administered the PSQ in a private area of the clinic, either as an interview or as a written questionnaire, according to the participant's preference. The PSQ queries the occurrence of specific incidents, including: 'push, grab or shove you', 'kick, bite or punch you', 'hit with something that hurt your body', 'choke or burn you', 'force you to have sexual activities' and 'physically attack you in some other way'. We enhanced the original Conflicts Tactics Scales questions by separately assessing incidents occurring in childhood (up to the age of 11 years by 'anyone who was at least 5 years older than you'), adolescence (aged 12-17 years), adulthood (aged 18 years until this pregnancy) and pregnancy. This enhancement allowed us to examine both the 'type' of abuse (physical or sexual) and 'timing' of abuse over life periods.
Depression symptoms assessment
Both Project Viva and Project ACCESS administered the 10-item EPDS during mid-pregnancy. Project Viva participants completed the EPDS as part of a longer mid-pregnancy questionnaire, and Project ACCESS participants as part of a mid-pregnancy interview. Validation of the EPDS, which measures past week symptoms, against diagnostic clinical interviews indicated a specificity of 78% and a sensitivity of 86% for major depression. 18 The total score ranges from 0 to 30; a score of at least 13 is commonly used to indicate probable depression in large cohort studies. [19] [20] [21] We used the cut-off point of 513 to indicate probable major or minor pre-natal depression, consistent with previous work in Project Viva 22, 23 and in other large cohorts that collected EPDS data in both the pre-natal and postpartum periods. 28 We also ran the analysis using an EPDS cut-off point of 515 to indicate pre-natal depression, as some authors prefer that cut-off point. 19, 24 As results for the merged cohort analysis were largely the same with both cut-off points, we report here only results for the cut-off point of 513. The EPDS is a screening tool that measures probable depression, and is not a clinical diagnosis of depression; however, to be succinct, we refer to an EPDS score 513 as 'pre-natal depression'.
In both Project Viva and ACCESS, data were collected on age, race/ethnicity, household income, maternal education, parity, smoking and marital status. Participants were also asked their country of birth. In addition, study participants in Project Viva were asked about their parents' highest level of educational attainment. In Project ACCESS, participants were asked whether their parents owned their home during the participant's childhood. Parents' highest level of educational attainment was modelled in Project Viva and home ownership during childhood was modelled in Project ACCESS to control for confounding by childhood socio-economic position.
Population for analysis
Project Viva enrolled 64% of invited women; of the 2341 eligible participants, 9% withdrew (n ¼ 195) or were lost to follow-up (n ¼ 18), leaving 2128 women with live births. Project ACCESS administered a screening questionnaire to 1737 women, of whom 1613 (93%) continued into the longitudinal study. We excluded 104 women (6%) from Project ACCESS who were lacking all data regarding abuse, depression and other covariates collected after the brief screening interview. The total combined cohort consisted of 3637 study participants.
Statistical analysis
We used the Amelia II multiple imputation programme to produce complete data sets for Project Viva and for Project ACCESS. 25, 26 All imputed variables were considered ordinal or nominal. In Project Viva, we imputed a set of variables, including abuse history (n ¼ 400 missing data), pre-natal depression symptoms (n ¼ 577) and age or race (n ¼ 5). In Project ACCESS, we imputed abuse history (n ¼ 548), pre-natal depression symptoms (n ¼ 559) and age or race (n ¼ 7). Missing data in education, income, marital status, immigrant status, smoking and childhood socio-economic position were also imputed. After imputation, these data sets were combined and all analyses were performed using Proc LOGISTIC and Proc MI ANALYZE with 20 replications in Statistical Analysis Software (SAS) version 9.2 (SAS Institute, Cary, NC, USA). 27 We also conducted a 'complete case' analysis, including only those participants who had complete data. We used logistic regression to estimate OR of pre-natal depression associated with abuse exposures. We present as our main analyses age-and race-adjusted models. As adjustment for childhood socio-economic position (parental education in Project Viva and parental home ownership in Project ACCESS) did not materially affect the associations between abuse and pre-natal depression, we did not consider these variables to be confounders. As depression risk factors, such as adult education, smoking, marital status or income, are likely to have been partially determined by pre-adult abuse experiences, these factors are potential intermediates between early abuse and adult depression. We provide secondary analyses adjusted for these factors to allow readers to gauge the associations of abuse with depression independent of these potential intermediates. We first examined associations of abuse and pre-natal depression in each cohort separately, then tested whether there were interactions of cohort membership, maternal education, childhood socio-economic position, race/ethnicity or immigration status with abuse exposure by including multiplicative interaction terms. We repeated the abuse and education interaction analysis in models excluding 276 participants who were <20 years old, and found similar results (data not reported).
Results
The socio-demographic characteristics of the Viva and ACCESS cohorts are described in the first two columns of Table 1 . Project Viva had a largely White, college-educated population that comprised predominantly of married women aged 430 years, who tended to be US-born and to have annual household incomes over $70 000. In contrast, most Project ACCESS participants were aged <30 years, immigrants and of Latino or Black heritage. Although one-third of Project ACCESS participants continued education beyond high school, 43% were unpartnered and the majority lived in households earning less than $20 000 per year.
Prevalence of abuse
Within both Projects Viva and ACCESS, women who reported a history of abuse were more likely than never-abused women to be unmarried, and born in the USA (Table 1) . In Project Viva, women with a history of abuse were less likely to be at the top income and education levels. In Project ACCESS, abuse history was unassociated with household income. In Project ACCESS, abused women were somewhat more likely than unabused women to have completed high school. Figure 1 shows the distribution in each cohort of self-reported experiences of physical or sexual abuse in childhood and adolescence, adulthood (before this pregnancy) or during the index pregnancy. Reports of lifetime physical and sexual abuse were more common among women in Project ACCESS (54% reported physical and 20% sexual abuse) than in Project Viva (42% physical and 13% sexual abuse). Despite this difference, the pattern of abuse type and timing was similar in the two cohorts: abuse prevalence was highest in childhood and adolescence, and physical abuse was more commonly reported than sexual abuse. Three-quarters (75%) of the women who reported sexual abuse also reported physical abuse, but only one-quarter (26%) of the women who reported physical abuse also reported sexual abuse; this pattern was evident in both cohorts. Abuse during pregnancy was more commonly reported by Project ACCESS participants than Project Viva participants.
Prevalence of pre-natal depression Project Viva participants were half as likely as Project ACCESS participants to report symptoms consistent with pre-natal depression: at mid-pregnancy, 11.3% of Project Viva participants had EPDS scores 513, compared with 22.2% of Project ACCESS participants.
Association of abuse with depression
In merged analysis (Table 2) , women reporting any lifetime abuse had an unadjusted OR for depression of 1.79 (95% CI 1.43-2.25), which was reduced by adjustment for age and race/ethnicity to 1.63 (95% CI 1.29-2.07). Further adjustment for the potential intermediate adult risk factors of education, marital status, parity, income and smoking reduced this estimate to 1.48 (95% CI 1.17-1.88). A history of physical abuse was associated with 48% higher odds and history of sexual abuse with 68% higher odds of depression during pregnancy after adjusting for age and race/ethnicity. Further adjustment for education, marital status, parity, income and smoking modestly attenuated these estimates [OR ¼ 1.38 (95% CI 1.07-1.78) for physical and 1.54 (95% CI 1.13-2.08) for sexual abuse].
Recency of abuse was associated with odds of pre-natal depression. In models considering each time period simultaneously (Table 2) , the odds of depression associated with abuse were higher with more recent abuse, rising from a 26% increased odds with child or teen abuse, to 70% with adult abuse before the pregnancy to 77% increased odds with abuse during pregnancy. The magnitude of the association Interactions of abuse with socio-demographic factors A few associations of abuse with depression appeared to be modestly stronger in Project Viva than in Project ACCESS, notably 'ever sexual abuse' and 'pre-pregnancy adult abuse' (Table 2) . However, no tests of interaction between cohort membership and abuse variables indicated statistically significant differences between cohorts in these associations. We also tested interactions of any abuse, physical abuse and sexual abuse with maternal education, race/ethnicity, immigrant status and parental education (Viva) or home ownership (ACCESS). We observed neither clinically nor statistically significant interactions of abuse with these socio-demographic factors in predicting pre-natal depression (all interaction P 40.10), with the possible exception of an interaction of abuse with education, where the data suggested that abuse was a stronger risk factor for depression among women with less education (P ¼ 0.10 for ever abuse* education).
Comparison of 'complete case' analysis with imputed analysis There was a large degree of missing data from both cohorts, which led us to use multiple imputation. In both cohorts, the missing data stemmed from failure to respond to one or more of the several questionnaires administered during pregnancy; fewer than 3% of the women in either cohort left the abuse or depression scales blank on a returned questionnaire. We compared the results of the imputed analysis with a 'complete case' analysis among women who were missing no covariates for this analysis. This reduced sample size by 37% in Project Viva and 54% in Project ACCESS. Women who provided complete data were of higher socio-economic status, more likely to be White, less likely to have experienced abuse (43%) and less likely to have pre-natal depression (12%). Despite these differences, the associations of abuse with depression were similar, with the following exceptions: in the 'complete case' analysis, the associations of sexual abuse with depression were somewhat stronger Models include terms for ever physical and ever sexual abuse; reference is never abuse. c Models include terms for child/teen abuse, pre-pregnancy adult abuse, and pregnancy abuse; reference is never abuse. 
Discussion
Women with lifetime physical or sexual abuse had a 63% increased odds of experiencing depression during pregnancy. Although the odds of depression were greater if abuse was recent, we nevertheless observed a 26% higher risk associated with abuse in child/teen years after adjustment for later abuse. The odds of pre-natal depression were 70-77% higher for women who experienced physical or sexual abuse in adulthood, either before or during pregnancy; this group represented 16% of the more privileged Project Viva and 23% of the less advantaged Project ACCESS. Although the data suggest that more recent abuse is a greater risk for depression during pregnancy than remote child abuse, it is possible that this apparent 'recency effect' is the product of poor recall of distant events.
Our findings extend those of Holzman and colleagues, 10 who examined pre-natal depression symptoms in five Michigan communities participating in the POUCH study. Our analysis adds to the POUCH findings in several ways: we examined the prevalence of probable major and minor depression, rather than variation in depression scores across a range of normal and abnormal symptomatology; we assessed abuse exposure with the more extensive Personal Safety Questionnaire, in contrast to three questions regarding abuse used by the POUCH study; and we examined physical and sexual abuse histories separately, demonstrating similar increases in risk of depression with both types of abuse. Similar to our study, POUCH found that pregnant women who had recently experienced or witnessed abuse had higher scores on the Center for Epidemiological StudiesDepression scale (CES-D). The POUCH study reported that abuse history had a stronger association with pre-natal depression risk among disadvantaged women; our data suggested a similar interaction of abuse and maternal education (P ¼ 0.10 for interaction in the imputed analysis; P ¼ 0.02 for interaction in the 'complete case' analysis). The two studies raise the possibility that a history of abuse, especially if sexual, is a particularly potent risk factor for depression among women with lower socio-economic position. There may be other interactions between abuse and social factors that our analysis was too small to detect.
The patterns of abuse reported by women in these two Boston metropolitan area cohorts are consistent with reports from a nationwide survey indicating that 55% of adult women report physical abuse or rape in their lifetime, with most abuse occurring before the age of 18 years. 28 Forty-six percent of the women in the more socio-economically advantaged Project Viva and 56% of mothers in the less advantaged Project ACCESS reported physical or sexual abuse in their lifetime. Most studies have estimated that 4-8% of pregnant women are abused, 29 although higher rates are generally reported from urban public clinics. 30, 31 Our findings are consistent with national socioeconomic patterns: 3% of Viva and 9% of ACCESS participants reported abuse during the current pregnancy.
One notable strength of this study is the unusual opportunity to examine the prevalence of abuse and the associations of abuse and depression using identical study instruments within two sociodemographically distinct populations in one city at the same time, allowing us to directly compare the associations of abuse with depression across a broad range of demographics. Our study has several limitations. As in most large-scale studies, we were not able to diagnose clinical depression by psychiatric interview, but instead relied upon the validated EPDS. As in other studies, we relied upon self-reported experiences of abuse, whose validity cannot be tested against an external 'gold standard,' as most child abuse is never reported to the authorities. 32 Inaccurate recall of past events might be especially problematic for remote child abuse, and resulting misclassification may have weakened estimates of associations with child abuse in this and other studies. As in other studies, [8] [9] [10] [11] [12] [13] [14] [15] 33 the simultaneous assessment of depression symptoms and retrospective report of abuse history could have resulted in a greater likelihood that depressed women recalled abusive events. 34 However, our use of an abuse assessment tool that queries specific acts without labelling them 'abusive' may have helped to minimize this potential bias. Lastly, although we adjusted for parental education, parental home ownership and adult income, the associations we observed between abuse and pre-natal depression may be explained by more subtle differences in socio-economic position that we did not measure.
In summary, we found that a history of physical or sexual abuse was a risk factor for pre-natal depression in both community health centre and managed care settings. Roughly 45-60% of mothers had experienced physical or sexual abuse at some point in their lives, whether they were more or less privileged. Although recent abuse was associated with especially high risks of pre-natal depression, a history of abuse confined to childhood and adolescence appeared to have a modest increase in risk of pre-natal depression that might have been biased towards the null by inaccurate recall. Despite the higher prevalence of abuse and depression in the more disadvantaged cohort, the associations of abuse with risk of depression were similar in the two cohorts.
A full accounting of the sequelae of physical and sexual abuse should include the risks of depression throughout the life-course, including during pregnancy. A growing body of studies clearly indicates that abuse is strongly associated with risk of depression, providing more impetus for programmes to prevent abuse of girls and women. Interventions that reduce the psychological impact of abuse may reduce the risks of poor mental health during the childbearing years, resulting in less suffering and improved family function and health. Since many women enter pregnancy with a history of untreated abuse, health-care providers should query the physical and sexual abuse histories of their pregnant clients, and be alert to the high risks of pre-natal depression among women with a history of abuse.
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